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^= (54) Title: METHOD FOR DEUTERATION OR TRITIATION OF HETEROCYCLIC RING 

= (54)^^<D««i: «^«a)m7K^>ib*a 

(57) Abstract: A method for deuteration or tritiation of a heterocyclic ring, characterized in that it comprises allowing a heterocyclic 
compound to be present under a sealing and refluxing condition in a deuterated or tritiated solvent in the presence of an activated 
catalyst selected from among a palladium catalyst, a platinum catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel catalyst 
and a cobalt catalyst The method allows a deuteration or tritiation temperature to be kept at a temperature higher than the boiling 
temperature of the solvent, which results in the replacement of a hydrogen atom in a heterocyclic ring of a heterocyclic compound 
with very good efficiency. Further, the method can be widely used for the deuteration or tritiation of various types of heterocyclic 
compounds being decomposed under a supercritical condition or an acidic condition, and thus can be used for efficient deuteration 
or tritiation of a heterocyclic compound in a commercial process. 
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m m ^ 

5 mm^m 

m-^nx^o. ^izmih'^mit.. ^(DmiiLi^m^iz^-DX<t^m^i^(D^m^ 

ik^mm. mm. ixmm^mmmmmx$M^T^m(Dmm^h^mt.vxm 
mx$>^t-^nx\^^^o ^(DTc^. ^ti^(D^m\zm^^xhm7Kmih ( 

20 m^. ^(D^ofs^myKm^t-^nrc^t'^m^n^rc^izm^t^^z^m^^mi^^&n 
r^mmm^m'r^ih^m^mmmK^j:mm\zn^z.t\tmmx$>-orco 

^:^^^t"§'fb'B•#J^M7K*'ft:•r§>^^* (Tetrahedron Letters 43 (2002) 23 

25 89-2392) . mm^MyK^BiZsmymity > ^mm . mm^^i'^rxmm 

§'fb'a-%&M7jc^-fbf (Chemical Society Reviews, 1997, vo 

lume26 401-406) , ^J67K^:^/XXS7n bfeA° >^'>' Attffi^M V^, 1 0 0 
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'Vmm^^^'t^ih^'-^^MyKmih^^:;^^ (Chem. Commun. , 2001. 367-368 
\^m7\^mi\:.K^^^\zm.m'r^m\zmXiMVM^^n. (freeze-pump) f-gxh 1/^-5 

umn<Dm7\^mih:fsm(D^mx-^^o 

25 *BHMf^*^ViT. m7Kmtitz^a.^^U^J^ (D) XHhU^^'^A (T) 0 
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mmmti^mT^^y'um^tVT}t. a^, ^mm^. mmmi". mnmi' 

x^-mv^uiimnm^ t-ox\/^xh.k\^^o 

mmmmit. m^i^sm. »^v<ui^ 2m. j;D^?*L<jii 

tfp-;i/^, lfnU>M, 2-HnU>m, tf n U >?>^^©^5^nM?$ 1 

tf^y-;i/^, t!^yu>^, 3-tf^yu>m, t°^yu>?>^^© 
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^n^mmm. t}^x\%. 2-3 m(D^n^mmnn±ffim^vr:L%(Dm^ « 

—nniW.Mnt\^xu. mpi.\t^yvy'yym, -iv^y/y^ym, 1-^ 

v-Y > F-;v3^, -fyi^Vi^ym, -r>FU>3^, -fy-r>FU>s, 2h- 
i57n^>3g, i7u^yn, -iv^u-^ym, iH-2-^>y tf ^ ^yu> 

10 m, ^v=¥/vym, ae-^/ v ^ym^o^^um'i'^ i-Drnt^^mm. 
m^it^yv-c ^yv-jim, ^y'j^7'j-)vn, iE—cy^'/-)vm, i.s 

-±y^Vz^ym, ^y^^^jym, ^^vvym, ^^v^Vi^ym, v>y 
vym, y ^ ^-yymmo^^um'^^ 2-:Dy^T^mmn. m^\tyv ym, 
:/-T-u -jymm<D^y^um^^4'om-r^mmmmtim\tf?>n^o 

15 Hmmitmrn^UTti. M;^J^:^7;i/Ay-;i/#, AaE-tDl^^'J-Jim, ^i^- 

mm. M^fijs-*;^^^'; >3g, ^uss^>m. 1, 7-:7a:^> h n u 1,1 
0-yx.^yhtivym, 9-Tyhuym, y x./^i)-=^-c ym, yx.y^i)-i^ 
ym, y:r.y^r^^yn, y :r,ir^^ynm(D^'rum=f'^2-^^t^mmnm' 
20 ifimvf^n^o 

, x;P:7^'y«^ 7s)vya:.j^. 2tsx:7^ y-r;i/S 

, T^jm. zyyym. -humm. m^}^M\zmm&^^hx 

25 \^>xh^\^>. yjv^jvm. yjv^-jvm. rv-jvm. 7^)v^)vm. r)vu 

^zym. T U r }V^)V^:t^. TU-;i/g^:tS. 7)V^}Vy.)V 
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5 n^o 

1~2 0. ^^b<«l'-l5. d;D$?^b<«l~ 1 0. JEl;i^^b<f^l 

10 n-^>g^;i/*. -f y^>9^;i/S. sec-^>^)vm. ieit-^>^jvm. 

n-^^s/;!/*, -rv^^$/;i'«, 2-}<9-)i^>^)i^M. 2-^ 

c-^y°5^;i/«, -ry:t^^5^;^^^ sec-::ri^'5^;i/». 

15 n-^>iS7 5^->;i/S> n-^^-y-T^v^;!/*, n-^y'i^^y^e/;!/^. n-rt^^^S^ 

p-r n v';i/*^;0^^#tf sn^c 
nXl^i^, ®^)K5^^2~20> ^*b<«2~10, j;fP$f^b<«2~6 

. -f v:7°P^zi;i/X. 3-y''T-:n;^». 2-y>-ji/S, i-^y^-jim. \,%-^'^ 
e^x:i;i/». 4-^>T-x;i/S, 3-^>^n;p». 2-^>5=-x;i'«. i-^>5=-n 
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5-^4^ir:n;«, 4-^4^i!:r:;i/S. 2-^^±-)VM. 1-^ 
5 -1, 3-A4^-y-s^xn;i/^. i-^y^xjVS, 2-:t^^5=-x;i'*. 3-/^x;v«. ,4 

^irx;i/S, 3-vi57 □^^irx;i/S. 2->':J7 D^y^x;vs^ 2— >i7py:^x 
TU-;i/»<i:bT«> il^^m^6~14. L < « 6 ~ 1 0 (D ® 

20 x;i/yx;v», >'xx;i/5='>';v«. :7 xx;i/ y x.-jv^ >y'zy)\^ 
m. :7xx;^ h u ■x~>;i/«^ :7xx;i/x h ^x>-;vs, :7xx;i/^>^x>';i/ 
7a:x;i/^+i^^->;i/^. 7xx;v^7°:$7^^i^;i/S, :7xx;i/::ri^7^5^'5^ 
:7xx;uy >'xx;i/'f nv'ji/S. :^:7 5^;i/x^;vS> :^:7 
5^;v:^Dif;p». ±y^ji^'^)]^m. iry^}v^>^)vm. 'ry=^)V^^-y)V 
25 s^ ^y^)V^y'''^)vm. i-y^jvrt^^jvM. iry^)vj~)v^. -j-y^jv 
^v-jvs. ^:7 9^;i/ >t'>';v», h u ^^'v^;!/ 
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b u;wyp tf;w». 7ai:^> h u;i/:/5";i/*, y 3^-^> 
15 yx.^>v^))V/^^iy)vm. y zri-^yv^) u=^)vmm-mm\i 

~2 0. ^*b<«i'-i 5. <kD$f*U<«i~i 0, Ml;i$?^U<m~ 
20 :t^5>»> -ry:7°Dh!;^:t4^v'»> :/h4^->», < y sec-:/ 

^:/^;i/:t4^5^a. :ti^^)V:t^>'&. /x;i/:t^i/», v*, 
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<«l~l 5> d: D^^b< 1 - 1 0, S^c$f ^ b < « 1 ~ 6 0fe®/&t#tf 

^^v-Jl/^^rt*. 7 
10 :tS. h^)5'-^)V'f-^m. 'TV^^l^)V^'tm. ^^'\ir^z^)V^^m. ^ ^ 

20 5^;i/7.;i/3f:x;i/«. -r v:/g^;vx;i'3iNxjpx, tert-:/^;i/x;P5i^r:;v^, ^ 
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TU-;i/x;i/3tN-;i/*a:bT«, m^mmwce^ 1 4. $f 1 0 

;i/ X ;v 3jN y&t^ e> n ^ c 

Jim. n-y^)]yy.;vy 4 -i V ^9-)Vy.)Vy :=^)vm. tert-:/^;i/X 

10 e>;i/x;i/:7^' -i y ^^-y)V7.)Vy y(:r.)vm. iev\.~^^iy)\/y.)vy ^ 
:=^)vm. 'f^^)VX}Vyy(~)vm. ^y^zyjlxjvy 4 - Jim. 7^b^xv;i/X 



y u~-)V7.)iy 4 :^)iMiiLT}-±. ±.my )vy. )vy 4 -)im(Dr )V 
20 m^tim\f^n^o 

, mxu?<^)l:^xy 4 y x.^jV'^xy 4 /M. n-':fu}£}iTisy.y 4 / & 

25 tert-:/5^;i/3jNx:7-i' ^y^jli^y.y 4 ^^->)m^y.y 4 y 
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zy^ a^^-yjl^xy JM. u^y'^ji'ji^y.y ^ -J^^f- 
-jy'^}V-^7.y ^ jm. ^:f^)V^^)V:^Xy4 ^^JV:t^'^)Vti 

7.y^y&. y^iyjV:^'^)V'^y.y 4 /M> \^'Ti^Aj:^)V^xy 4 / 

)vy=^}V^7.y 4 y*. >?->i7 n^4^v';i/j}Nx:7-i' y »^/&^'^tf e>nSo 
y ^) —)V^7sy 4 ySiLT^i, 7}nx:7^ ys^TK^M^© i •^x\^2-z>f)t 

>'^x;U3}nx:7-y y«^ >?:7n:x;v5jNx:7^ y :^:7 5^;v:JnX:7^ y r 
15 > h u;i/3i^x:7^ y»#:i^t^tf ?,n§o 

r )V^)VT^y.y 4 j ^ )V^tv~xu. •y^y.y ^ y ^ jisOTKmMi^co i-dx 

i^m\zu. m^U^^JV^xy 4 y-i )l&> :r.^)V'^7.y ^ y ^ n-yn 

\f.}Vi[^y.y 4 y ^ }vm. ^ y~fu}f.)V:^7.y 4 y ^ )vm. n-y^^jv-^y.y >( y 
20 -iJVM. -4 vy^^)VT^y.y 4 y ^ xev\-y^)v^xy 4 y )vm. ^> 

^)]/T^7.y 4 y ^ ^^-y)v^7.y 4 y ^ )v^. ^y'^-jv^xy 4 y )V 
:t^^jv^y.y 4 y -(Ji'M. y :=.)Vii^y.y 4 y fzyjv^y.y 4 y 

-4 \^'fiy)V-^xy 4 y ^ ^h^'fzy}\y^y.y 4 y -ovm. 

^zy)V^ysy 4 y -Oi^S^ ^^•^y'yjv^y.y 4 y^ )V&. ^-^^^^yjv-^T. 
25 :7^y-r;^*^ y ^^yji^^y^y 4 y u^jv^i^y^y 4 y ^ y 

■i; u^>^j\/^y.y 4 y J]^M. y^ u^=^yjv^y.y 4 y ^ JV^. yi^a^ 

'^^^jv^^y.y 4 y ^ -jy^)VTisy.y 4 y ^ x.^jvy^^jv-^y.y 4 
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y ^ J ^ )vm. ^y°=^}V^^)VT^7.y 4 / ^ ^^jv^^^jv^xy 4 / 
<;v«> y'zy)V^'^)V-}i^,y.y 4 / -i JiS. \^^^-yjvx.^)V^xy 4 / ^ JVAs 

5 }<^)V^>^y^>^)V^y.y 4 y -i JV^. X.^}l':t^ ^y^z^JV^Xy 4 / 

, zy^u^y^jv^^jv^xy^y-ijvm. -^i^u^^-^jv^^jv^xy 4 / 
^ JVM. -y^u^^-yJVJL^jv^xy^/^JVM. u^^-^jvyu^DV^ 

xy 4 y )vm. u^^>^jvy^jv:^y.y 4 y ^ jvm. z^>^i7 u^^>-jv 
•^7.y 4 J ^ jvm^tfimi^n^o 
10 TU— ;V5Jnx:7^ y-r;i/»^:L'T«. i^y.y 4 / ^ )vm(Di^mM^(D i-:>y. 

2 ;&^'±iB L- ;^^p ^ T u -JVM (cs ^mt) o o ffimvf ^ n. }-± 

. mT^Uy x.:r.jv-7i^ysy 4 J < jvm. z^y x.:=^)V'^y.y 4 / )VM. iry^jv 
JJ^x:7^ y-r;i/». r> h ^jjv^T^y^ / ^ jvMmmmn^Bn^o 

rJV^JVy5,yMtVX}t. r S. yMcDy^mm^O l ■:::>X«2o;0t^>s?^5i 

n-y^^jvys.yM. -iyy^jvr^jM. iexi-y^^jvr ^ jm. ^ 
>^;i/r^/»^ ^^-yjvr^^M. ^f^jvr^yM. -t^^jvr^ jm. 

yn;UT^y», 7='>';i/T ^ "^v^Z^JVr^/M. TVyy'i^JVr^ / M 

-yjvr^jM. iy^u^y^jvr ^ i^:^^}vr^ /m. x.^jv?^^jvr 
^/M. -yx.=^jvr^ JM. ^^jV'fu}djV7^yM. z^':fu\fjvr^ym. 
x.^jv^^zyjvr^ /M. i^y^^jvr /M. ^•:f'^jv^^jvrs. /m. ^9- 
25 jv^y^-jVT^ym. "T^-jv^^jVT ^ /m. \^^iyjvj:.^jvy^ /m. 
jv^y^^zyjvy ^ yM. ^.^-jv^ty ^^-^jvy s. y m> n^y^jv^^^ 

JVy^JMs -yyu^^-yJV:^'^JVy^JM. -y^xi^^%/jV:5L^JVy^JM 



wo 2004/046066 



12 



PCT/JP2003/014181 



25 „ 

)^^^='y^(r)m.mm=?-\z.-%\L7.)\/^:=.)]/mifim'^\^t^. 5i^^mifc2 ~ 2 
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n-:/D tfjWrt^^i^x;!/^}^^!;!/^, n-:/ h^vx;^5J^-;^x, tert-:/ 

o 

'^V<UB.mWL2-^l 5, J;D»^b<f*2~l 0> Mi::^* U < « 2 ~ 6 © 

-r;^»^ ^:/iS^y-r;i/«, ^^i^/^)vm. y':fyy'i)vm. ^^u^)vm. ^ 
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• x;^5}^r:;^^. :t^5^;i'X;i/7}N-;i/S, •T^->;^x;^3j^:l;^S. h u t'>';I/x;1/ 
^i^:::;^»> ^^1^T'>^;I/x;^5^^:I:;^^. -r ni/;P'x;V3iN:::;i/S. -^^n^^r-:^ 

15 S5fe(DTi^;i/»<hUT«. a#j^mi^6~14. ^8^^ b < « 6 - 1 0 ® (D 

ibTJS. llg]fe:^x;i/3}^>M*5l5S:a^^#i^x;i/4^>m*5l5(DT>';i/:t^v'» 

0, ^?^b<ft2~15. J; D^^b< 2~ 1 0. Mf;:^ff ^ b < 2 ~ 6 © 
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10 TU-;i'S. T^;i/^;i^», T;i'n:^>'S> r u-;i/:r^>:S. r;i/ 

^^t;I/4^;I/». T;i/^n;p«, T;P4^n;i/^, TU-;u». 7jc^»> T;i/n4^ 
. TU-;i'». T;i'n^>'X, t;p4^;1/T5 r)V^yv^^^. r^yjim 
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x5=-r:;P», 2-:/n tfn;i/», 2-^>5^-;vs. 2-y -;i/-3-:7^5^-;i/X, iy 

20 JVA^^ JVM. ^^^JV-^ir^^jVij )Vn^^ )VM. "fiyJV^^JV^JVn^-iJVm 

> F-x>-;i/X5^;i/:^;;i//t^-r;vs, ^ 5";^^ >'^5=">';i/:^7;i/;t^-< X5^ 

U-^^zy)V:^^)Vi:j )Vn^^ }VM> -y ^ ti^^^y )VaL^ )VM. -yi; U^^z^JV 
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-jy. '^u>^>, ^ji/y. "T^^y^^y J yy. ^r^^y^^yy. ^f^^ 

5 

, mx\S.. MtK (Dg O) , ^ y — ;|/. ax:$7y— M-Yvyn 

10 a-^T'^y— «y:^y-;i., M7^:j57 y — M-:? 

y'ftij—)v. n'^'fts J —)]/m(i^ny)\/n—)\^m. mTLum^w. m.wm. 
m^c^mtiyy/i^ymm. mx\t.my-^Yy. ay 5^;vx9^;v^ h ay^^^K 

15 ^h>, m.y^^)\/^vym<Dm^vym. m.v^^yvy^)],i^^yYm(D^m 
m^m^ti^^vf ^ti. ft'Tt)a7K> aT;i/n— b < > mtk, ay^y 

;it^a7jc o) 

20 a7K*'fti$n:fe^iK«^ ^^^^xD— ^ii>(.±©7KmM^;^>^^a7Km'fb^nTV^§ 
>fecz)T$.nf^ j;< , M;^«'aT;i/n-;i/^-zrfS k Fn^i^;PScD7KmM^. a 
;^7;W3|^>'mM~rfi;^j;i/7}^4^->;i/*(D7j<^M^;J>^^a7K^<(^$nTvmt^^2^^0J(D 

\\yn^fs.i^mw^\z.^\y'x. mmwk^(r)m.i^mui'ifi. Tisi:bTa^#^;i/ 
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o 

rt-^^JU^^)VJi — ^JV. 1.2->?>. h4^>>Xi$^>, 

^iS. M;^«^Tirh>, ^ ^;Vx^;i/^r h y^^-jv-ivf^ji^^hy. -yx. 

:^mBM\zMn^. mmt-^nrc. a^s^'^amis. e^Mi»> dv^i^ams 
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7c ^ nm © T * n , ^ js^^ © ^^ j; ib x ® ^tk m 

X ^ V i a 7K S X # T « m $ n T V i T t) J: V i „ 

mm(Dmm[:hKmmm(Dm7Km^t^mm\zn^m'^\zu. Rm^^o^m 

V^««fd:, «7j<*{t:©^jSlg|^fC#iS$i±;^c7j<*:^^XXf^a7jc^;!?XlCj;oT 

^mM(Dm7mih-::^mizm^^xi-i. Rmmm^mm'^mm^\t^n\zm. 

. K}t^^mm^&^izm)£^xmtt^-DX\^^^ z. tf)^it?^i,\,^^ mmizTSii^mmt 
It. m TLitmmmmKmomiz. R)>L^mmf}mmmizKmm^mizmA-^ti. m 
mmiz^mm-^m^m-^n^^^tjim^^^tSo 
±m(Dm<. ^mM(Dm.7mih:^mx\t. ^jt-^mm^m^mtysi'Dxi^^^ 
20 Tciib. Km^(Dmm^m^iz±^-^-^:s> ^ tMx^ . M7Kmi[:^^j}^^<n^ 

^rcs mmo)mm\:itKmmm.(Dm7Kmitmm\znom^x\t. "^^mm^t 

mmi^T^^^^^mmfSiJin^m^'r. ^rc. Chem. Commun. , 2001, 367-368 
izmm^nxV^^^^fSiM^M.^ (freeze-pump) ^B^MT ti^^Tcm^tJ^ 

Mt^^fc, ^^7Km:ff x^v^tm7Km^^ :^xmmhvr^mm^mmmmxm. 

Ti^m^tizm^^^mi. fi7jcmiboSJSm}C7jcm:^XX«a7jc^;5fX/^/t#^Sb;5:V^ 
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